Plasmonic nanoparticles have been extensively studied in the literature due to their ability of supporting localized surface plasmon (LSP) modes. Such structures can localize optical energy on the nanometer scale which opens up the field of optical nanoantennas. Application of nanoantennas in ultrafast optics requires large bandwidth. Unfortunately, the bandwidths of presently realized nanoantennas are small, despite their large radiative and Ohmic losses. Moreover, the coupling efficiency of far-field optical radiation to single nanoantennas is quite low, which is because of the extremely small volume of interaction.
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It was shown theoretically that tapered metallic nanostructures are able to couple propagating surface plasmon polaritons along their shaft adiabatically to nanolocalized plasmons at their apex [1] . This allows such tapered metallic waveguides to being applied in the field of sub-diffraction-limit nanofocusing, ultrafast photoemission, and near-field optical microscopy [2].
Here, we investigated both energy and spatial distribution of plasmonic modes being excited at the tip of gold tapers using electron energy-loss spectroscopy (EELS) and energy-filtering transmission electron microscopy (EFTEM). The EELS signal near the apex shows a broadband local density of optical states, as required for nanoantennas (Fig.1 ) in contrast to the narrow peaks from plasmon excitations along the shaft. This is also visible from EFTEM images (Fig.2) revealing strong intensity at the apex in the wide energy-loss range from 1.2 to 2.0 eV. We discuss the coupling of localized plasmons at the apex to the propagating plasmons at the shaft by considering the coupling efficiency and adiabatic behavior of the taper [4] . Bright-field image and EFTEM images of conical Au tapers with an opening angle of (a) 35° in the energy-loss interval from 1.3 to 2.3 eV and of (b) 15° in the energy-loss interval from 1.2 to 2.2 eV. The color bar on the right symbolizes the energy-loss probability which is a measure of the z-component of the excited electric field [3] .
